Background. Sympatric plant species that share pollinators may have similar mating systems because their floral traits are subject to comparable canalization imposed by pollinators. However, if each sympatric species bears specialized floral morphology, each species may attract different pollinators. Our study aims to describe the pollinator diversity and pollination systems of four taxa of Eriosyce that cooccur in an endangered coastal Mediterranean ecosystem in Central Chile. We took two approaches in our study: we assessed the composition and similarity of flower visitors among taxa, and we characterized the breeding systems to determine dependence on pollinators and self-compatibility.
Introduction
3 Pollinator assemblages are among the main evolutionary driver of mating systems in plants 4 (Kalisz, Vogler & Hanley, 2004; Goodwillie, Kalisz & Eckert, 2005) . Animal pollination is a 5 dynamic process that covaries both in spatial and temporal axis with abiotic and biotic factors 6 (Eckhart, 1992) . Indeed, several studies document differential pollinator composition, pollen 7 flow, and pollination rates along geographical gradients (Herlihy & Eckert, 2005) . These 8 gradients generally covary with climatic factors, which in turn may impact the pollination 9 process even at small geographical scales (Kay & Sargent, 2009; Chalcoff, Aizen & Ezcurra, 10 2012) . Little attention has been paid to the study of pollination of nearby species that co-occur 11 sympatrically in specific geographic areas sharing the same bioclimatic variables and pollinator 12 biota (but see Marques et al., 2007; Ferreira et al., 2018) . In general, noticeable floral 13 divergence (e.g., phenology and morphology among others) may contribute to differences in 14 pollinator guild among evolutionarily closely related taxa that co-occur, and ultimately mediates 15 a reduction in pollination niche overlap (Cuautle & Thompson, 2010; Grossenbacher & Whittall, 16 
2012).

17
Plants living in sympatry may largely share floral visitors, increasing the chances of 18 heterospecific fertilization among co-specific plants, thus reducing reproductive output (van der 19 Niet, Johnson & Linder, 2006; Schlüter et al., 2009) . Under this scenario, when it is not possible 20 to achieve pollinator partitioning, asexual reproduction strategies such as selfing can be 21 promoted (Eckert & Herlihy, 2004; Kalisz, Vogler & Hanley, 2004) . Selfing reduces seed 22 production and can be exacerbated by anthropogenic disturbances such as biodiversity loss, 23 invasive species, and climate change (Kalisz, Vogler & Hanley, 2004; Young et al., 2016 Knight et al., 2005; Hadley & Betts, 2009) . As a consequence, a rapid evolutionary 27 change towards self-pollination and genetic self-compatibility can be found in plant taxa exposed 28 to these stressors (Vickery 2008; Roels & Kelly, 2011; Barrett & Harder, 2017 Ferreira et al. 2018) . Increasing knowledge of pollination in sympatric cacti species 44 allows us to identify potential pollen limitation and reproductive isolation barriers as well as 45 mechanisms of seed production, which are relevant issues to identify demographic bottlenecks of 46 taxa, especially in those with high extinction risk.
47
In this study, we simultaneously focused on four sympatric Eriosyce taxa that overlap 48 partially or wholly in their distribution inhabiting an endangered ecosystem in coastal central 163 collected fruits obtained from tagged individuals and counted the seed production in each. We 164 reported the proportion of fruits produced per total flowers treated (for each species) and 165 assessed the differences in seed number among treatments for each plant species using a 166 Kruskal-Wallis analysis (Sokal & Rohlf, 1995) . In cases of significant differences, we performed 167 a Nemenyi a posteriori test (Zar, 1996) . (Table 1 and 2). All taxa presented some level of inter-annual variation in composition and 176 richness, but we detected significant dissimilarity only in the floral visitors of E. curvispina var.
177 mutabilis (Table 2) . Regarding bee species in particular, these corresponded to 15 different taxa, 178 from the five families found in Chile (Andrenidae, Apidae, Colletidae, Halictidae and 179 Megachilidae). With the exception of a 0.9% of visit on E. chilensis var. albidiflora due to 180 introduced Apis mellifera all the remaining bee taxa were native.
181
The composition of pollinator assemblages was unique to each Eriosyce taxon (Table 2) , 182 being more dissimilar in E. subgibbosa in both years (range 2016: 0.000-0.089; 2017: 0.000-183 0.031) since the giant hummingbird Patagona gigas (Apodiformes: Trochilidae) exclusively 184 visited its flowers. The contribution of P. gigas to the total visits of the pollinator assemblage in 185 E. subgibbosa was 29% (2016) and 86% (2017), and the rest of visits were carried out by Despite our study duration was limited to two years, we found a wide variation of 277 pollinator assemblages among sympatric taxa at a local scale, including significant inter-annual 278 variation. This variation will contribute to further understanding the network of endemic cacti-279 animal pollinator association and help us to comprehend how close-related taxa are capable of 280 co-existing in sympatry filling the gap on the scarce number of studies in this field.
281
282 Fertilization mode and self-compatibility 283 Pollen limitation is a widely represented phenomenon in angiosperms (Bennett et al., 2018) , and 284 it acts as a significant evolutionary driver since it is a selection agent for floral traits (Totland, 285 2001). We detected significant pollen limitation in E. subgibbosa inferred by the greater number 286 of seeds obtained from manual cross-pollination treatment compared to the other the control 287 group. Probably pollinator richness, abundance, and efficiency during the year 2017 were factors 288 that explained this pollen limitation for E. subgibbosa. On the other hand, automatic self-289 pollination treatment in E. subgibbosa did not generate seeds except for only one individual, 290 which may be a problem of the manipulative procedure (e.g., movement of the silk bag) 291 regarding that individual. We considered that the uniqueness of this result is an exception and 292 that E. subgibbosa should be considered as an auto-incompatible species that largely depends on 293 pollinator visits to produce seeds. Future studies based on genetic markers could elucidate 294 paternity of seeds in Eriosyce and contributes to determining properly reproductive system of E. Concerning the fertilization mode and genetic compatibility of E. chilensis var.
299 albidiflora and E. chilensis, we demonstrated their dependence on pollinator visits for 300 reproductive outcomes ( Fig. 2A and 2B ) since bagged flowers produced fewer seeds than the 301 control treatment. However, E. chilensis var. albidiflora showed some degree of genetic self-302 compatibility and autonomous selfing since seed production was observed in automatic self-303 pollination treatment. Self-pollination is an expected situation since a previous study has 304 highlighted that Eriosyce subsection Neoporteria species have some degree of self-compatibility 305 (Walter, 2008) . Indeed, intermediate mixed mating is frequent among angiosperms, with high 306 interpopulation variation (Whitehead et al., 2018) . The reproductive characteristics of E.
307 chilensis var. albidiflora could favor reproductive assurance in years when pollinators are scarce, 308 which is possible in a narrow endemic species with a specialized pollinator assemblage such as 309 this taxon.
310
Concerning E. curvispina var. mutabilis, we observed a mixed reproductive system, with 311 no differences in seed production among treatments. Eriosyce curvispina var. mutabilis, whose 312 blooming phenology is close to that of E. chilensis, showed a unique pollinator assemblage 313 compared to the rest of the studied Eriosyce (Table 2) . Different habitats of this taxon (coastal 314 terraces) compared with the other Eriosyce in the site (rocky outcrops) may explain inter-and 315 intraspecific pollinator turnover and a potential pollen limitation in E. curvispina var. mutabilis. 316 Whether erratic pollination is a common scenario for E. curvispina var. mutabilis, a mixed 317 reproductive system with some degree of autonomous selfing and genetic self-compatibility is an 318 expected situation to allow their reproduction. Some studies in Cactaceae have shown extant 319 mixed reproductive systems, such as in Opuntia monacantha, a partially compatible cactus with 320 animal-mediated fertilization (Lenzi & Orth, 2012 323 We found a stretch relationship between Eriosyce taxa and several small-sized native bee species 324 as potential pollinator in the Conservation Priority zone of Los Molles-Pichidangui, besides one 325 of these species (E. subgibbosa) was highlighted as the only one with ornithophilous pollination, 326 as it flowers were visited by P. gigas, the largest farthest-traveling hummingbird, native to 327 central and South America. This dissimilar floral association may be linked to the varied ecology 328 of the different Eriosyce species studied, and open the door for future inquiries on the 329 evolutionary steps leading from insect to bird pollination in this lineage. Our study contributes to 330 the understanding of sympatric variation in the reproductive system of related taxa, which 331 potentially unveils more general evolutionary mechanisms in plants. This is an important issue, 332 especially in cacti which are severely threatened group at a global scale (Goettsch et al., 2015) , 333 since understanding plant-pollinator interaction and reproductive consequences contribute to the 334 conservation and propagation of this clade. Specifically, the reproductive system of the four 335 endemic cacti studied here showed a spatial-temporal variation of pollinator assemblages and the 336 existence of different reproductive strategies in a close phylogenetically related group, spanning 337 from self-incompatibility in E. subgibbosa to self-compatibility in E. curvispina var. mutabilis. 338 Our results highlight the relevance of considering pollinator diversity in conservation planning of 339 the studied species, since the reduction of pollinator abundance may have negative impacts in 340 plant reproduction success (Phillips et al., 2015) . This is alarming given the limited distribution 341 of some species (<17.5 km 2 of occupation area in E. chilensis and E. chilensis var. albidiflora) 342 and the severe human-originated disturbances of their habitat. For each panel, bars indicate the result of pollination treatments: unmanipulated plants (Control), manual cross-pollination (Cross) and automatic self-pollination (Self). Taxa names were summarized as follow: E. chilensis var. albidiflora (alb), E. chilensis (chi), E. curvispina var. mutabilis (mut) and E. subgibbosa (sub). For seed production, we reported statistical significance of Kruskal-Wallis test that compare differences among treatment for each species (*** P < 0.001; ** P < 0.01; * P < 0.05; ns: non-statistical differences). Letters above seed number bars are result of Nemenyi a posteriori test; different letters indicate statistical differences among compared treatments. Hummingbird and bees species visiting frequency on flowers of four Eriosyce during two consecutive years in coastal central Chile.
